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I am extremely happy t o  g e t  your l e t t e r .  N a t u r a l l y  encugli, no one e l s e  
has  been s u f f i c i e n t l y  i n t e r e s t e d  t o  come forward wi th  any i n t e l l i g e n t  ob jec t ions .  
So f a r  t h e  r e a c t i o n  has  been "anythiiig cen be got i n t o  an  equat ion",  which nay b e  
t , rue  bu t  i s  a p a r t i c u l a r l y  i r r i t a t i n g  f o r m  of c r i t i c i s m .  
t h e  p o i n t s  you r a i s e )  

I w i l l  do my bes t  with 

p.  457. The gene ra l  t h e o r y  reqv.ires no a s a m p t i o n  concerning a. 3eginning on p. 
461, however, nult i va l ence  i s  introduced,  t.0 see  i n  what way s p e c i f i c  aggregat, ion will 
a f f e c t  t h e  p o s t u l a t e d  e q u i l i b r i a .  
r e s u l t s  so  long as s e l e c t i v e  p r e c i p i t a t i o n  i s  ignored. 
approximately v a l i d ,  w i th in  t h e  framework of t h e  gene ra l  t heo ry ,  independently of a. 

?ne conclusion i s  reached t i iat  n o  g r e a t  d i s t . , r h a n c e  f /  
Therefore ,  equat.ion 14) i s  

Your o b j e c t i o n  t o  my cho ice  of i n i . t i a 1  r e a c t i o n s  i s  dhsturbing,  because tiiis i s  
indeed 'he fundarzental and f a t a l  po in t .  I s h a l l  t r y ,  t h e r e f o r e ,  t o  clarji 'y ~ i y  
argument, wh:ch i s  not  always p e r f e c t l y  c l e a r  i n  m y  own rnind. T1.e rsn,,e of n r e c i p i t a t i o n ,  
as i n  yoi'r exneriments with albuuin,  covers  Ao/Go r a t i o s  f r o m  aborlt 2 t o  10, i. e. 
an t ibqdy  i s  i n  molecular excess  throughout.  F o r  e x p l i c i t n e s s ,  consider  t h e  mixture  of 
3 n o l s  A t o  1 mol C;. 
momentarily: G + A = GA. 

Ignoring 3rd o rde r  combination, only 1 r e a c t i o n  i s  p o s s i b l e  
?ut  t h e r e  a r e  now t h e  fol lowing p o s s i b i l i t i e s :  

G + X = GA (a) 
( b j  
( 4  

Gh + A = G A 2  
GA + G = G 2 A  
GA + GA = G2A2 ( d )  e t c .  

:'bile a l l  t h e s e  a r e  poss ib l e ,  t h e y  a re  oy no nleans e q u a l l y  probable. Thus t h e  
concen t r a t jon  of A i s  3x t h a t  of' G a t  t h e  o u t s e t ,  and t h e  l a t t e r  r a p i d l y  d i sappea r s  as g$ 
t h e  r e a c t i o n  prodeeds. T i e  c o n c e n t r a t i o n  of i; would be v i r t u a l l y  n i l  by t h e  t ime 
x = 2, a t  which t ime tile concen t r a t ion  of A i s  s t i l l  = Go. Accordingly, t h e  r e e c t i o n s  
of t y p e  ( b )  a r e  overwhelmingly more frequent  t h a n  t l iose OC t y p e  !c) . 
( d ) ,  l e t  us imagine t h a t  e l l  G has  conbined t o  y i e l d  GA. 
one of GA. iIence r e a c t i o n  (S) i s  roughly t w i c e  as pr7bable as r e i c t ' i o n  ( d ) ,  m e  t h e  
d i s p r o p o r t i o n  would be g r e a t e r  i n  t h e  a c t u a l  d i so rde red  system,. IA gene ra l  , ag,,re;at,ions 
a r e  S I  orrer t h a n  t i l e  i n i t i a l  reaction", .  

However, aggregat ions ( d )  do occur s imultaneously with t h e  i n i t i a l  r e a c t i o n s ,  of 
course,  and t h e  s e p a r a t i o n  i s  nu re ly  conceptual.  The advantage i s  s i m p l i c i t y :  compare 
141 aiid [TI. E q u a t i m  4 d e a l s  w o l l y  lqith t h e  h y p o t h e t i c a l  i n i t i a l  r eac t ions .  I t  can 
be apn l i ed  t o  achhal  p r e c i p i t a t i o n  ox1y as a A  a p ~ ~ r o x i m a t i o n .  If, i s  necessary t o  eva lua te  
t h e  ?egree of' a ~ ~ n ~ o x i r n a t , i o n .  

Zcre no 
s e n a r a t i  311 i n t o  i n i t i a l  react ions has  'seen m de, and no p o s s i b l e  r eac t  i on  excluded. 
I t  i s  t r u e  'hat  rnult ivalence has  beell ass med, but some assumption j s  rieczssarl  f o r  
e x o l i c i t n e s - .  
i tc t iPLi  i s  ignored ) ,  hut  i s  ;lot very u s e r u l .  
show by a s e r i e s  of aF'Troxima' i ons  t h a t  177is very similar f o t h e  

d i f f e r e n t  L'rom t h e  i n i t i a l  equi l ibr ium. 

A s  for r eac t io i i  
'-'e have t h e n  2 mols  of A t o  

3eginiiing on n. 461, a g e n e r a l  r e q c l j o n  i s  set  up l e a d ' n g  t o  eq. L T ] .  

"he r e s u l t  i s  p e r f e c t i y  g e n e r a l  and vai_id (except  t h a t  s e l e c t i v e  preci>-  
The remainder 0" t h e  d i s c u s s i o n  a i m  t o  

sir;p&e equatior: f o r  
e imaginary i n i t i a l  equ i l ib r ium 143, i n  o t h e r  vnrds, t h e  r e a l  equ i l ib r ium i s  !lot very 

"he eqrii l ibrium i s  iiot s t r i c t l y  speaking inf luenced Tore b;i G s u r f a c e s  t h a n  y 
t n o s e  of A. However, t h e  i n i t i a l  equ i l ib r jum i s  between uncombined antibody, a i d  t h e  
r e s i d u a l  a n t i g e n i c  su r faces ,  i. e.  ant ibody i s  u n i v a l e n t  b.; d e f i n i t i o n  i n  t h e  i n i t i a l  
r e a c t i o n s .  I t  i s  t r v e  t h a t  tcie intDoductign of t h s e  r e n c t i o n s  i s  somewhat a r t i f i c i a l ,  
but  as I mention above, t h e  r e s u l t  i s  no t  conisingent on t h i s  assuinptim. The i n i t i a l  
r e a c t i o n s  arc  r iot  wholly h y n o t h e t i c a l ,  however, f o r  experimental  cond i t ions  czn be so  
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chosen t h  t t h e s e  alone occur. 

p. 450. T l i i s  o b j e c t i o n  arises from rn' m i t t a k e  i n  d e f i n i n g  aLl equivalence p o i n t  diff 'erelbt  

from your equivalence E. I chov.ld have used a new term. y e f i n i t i o n s  are oil pages 

457 End 500 r e s p e c t i v e l y .  

illen g = a, snd u s u a l l y  wo.ld be s l i g h t l y  g r c e t e r  ti-aii one. The abzolu'te l i m i t s  a r e  
0 and 1.3 ( p .  474). 
expsr imental  in! e r e s t .  

Xccordillg t o  zy d e f i n i t i o n ,  thdequivalence point  i s  a t  x = 1 
/ 

Eowever, as I defirle it, t h e  equivalence p o i n t  i s  o+' l i J t l e  

p. 461. I a g r e e  t h a t  your r eagg lu t ina t , iQn  exptiriments s r i m l d  he i n t e r p r e t e d  i n  
'die l i g h t  of your theo ry ,  but a 3ossible  obj-ct ioi i  could be m a d e  t h s t  t h e  ef'f'ect i s  due & 
rerfLoval of antibod;r, o r  of sometliirig e l se  (Jones  z-id O r c u t t ? ) .  
Hooker made t h i s  ob jec t ion .  
t h i s  nay '?e my p re jud ice .  

I ceex  t o  remember t h a t  
Duncan's experiments seem q u i t e  unequivaaal t o  me, though 

.4s t o  tdiy s p e c i f i c  and non-specif ic  f o r c e s  n e c e s s a r i l y  09 ose, t h e  sentence on 3. 
451 does not seem t o  make nmch smse, ar,d does 2 o t  I t h i n k  r e r e r  t o  t h i s .  
on p a l e  491, however, makes Liis s ta tement .  
s e l e c t i v e  p r e c i p i t a t i o n  (which I t h i n k  must be t a k e n  i r i to  account il" :. i s  m u l t i v a l e d , )  
js t o  cause -nore an t ibody  t o  be l e f t  over t h a n  r4c7 p r e d i c t s  i.1 t h e  r eg ion  above g / 2 , c h  
while t h e  e f f e c t  of non-specif ic  p r e c i p i t s t i o n ,  which u l t i m a t e l y  means a r e a c t i o n  of 
A with A ,  i s  t o  reduce t h e  d i s s o c i a t i o n  of A from t h e  n r e c i p i t a t e .  

The pootnote 
"he argument i s  t, is. The ef.?ect of 
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1 1  
p. 469. 

I). 474. 

Should read '!For 

>!gain t h e  d e f i n i t i m  of equivalence noirit. 

Iie case x > (g-1). . . - 

n. 475. "aximal ? r e c i p i t z t j o n  of A s h o u l d  occur, 3 s  you h ve foulid, with l a r g e s t  
amount of G corn? a t i b l e  with g x ~ ~ x ~ k k x k x ~ x x  reasonab/ly comolei e p r e c i q i t a t i o n  of i n i t i a l  
compounds. However, s i n c e  (my) equivalence Faint i s  i n  t h e  i n h i b i t i o n  Tone, t h e  region 
of comp l e t e  n r e c i p i t a t i o n  n e c e s s a r i l y  l i e s  above ti-is, i. e. with resid1181 A i n  excess. 
See slso p. 500. I am a f r a i d  I h e v e n ' t  d m e  I:ie bect  with tsninolog;: .  

p . 479. The T-A system c e r t a i n l y  has something peculiar, s e e  9. 504, foo tno te .  
I an 50 you have any exp lana t i -n  for t h e  p e c u l i a r i t i e s  of' horze a n t i D r o t e i n  systems? 

not en+ i r e l y  s s t i s f i e d  w?th PaDnenheirer 's  d i s s y m e t r y ,  t h o  ii does e x n l e i n  e. l o t .  

p. 480-2. I ag ree  t h a t  t h e r e  i s  no d i f f e re i i ce  o t h e r  t h a n  e f f e c t s  of ccacent . ra t ion 
as between c ~ n s t a n t - G  a:id consi,a?rt,-b t i t r a t i o n s .  nowever, t h e  optimal r a t i o s  have 
c m s i d e r a b l e  s i g n i f i c a n c e  n c o m e c t i o n  w i t i i  t h e  r e s t r i c t e d  t , leory.  Pe r sona l ly ,  I 
q u e s t i o n  whethcr my treatmen'i o r  ' h e  k i n e t i c s  of : , r e c i - ? i t a t i o n  will ever  be of ally use,  
but s o  f a r  as t h e  t h e o r y  goes I b e l i e v e  it hangs t o g e t h e r .  P l ease  n o t i c e  t h a t  no d i f f -  
erence i n  co-?!position 01- p r e c i p i t a t e s  f o r  ?.he two t i t r a t i o n s  i s  p red ic t ed ,  exceDt f o r  ;he 
small  voluxe-etfect .  3u t  t,he optiina n e c e s s a r i l y  l i e  z t  dii'ferent, pdii-its. These r a t io s  
nrovide t ,he on y independeiit e s t i m a t e  0" E, a n d  t h e  L-ck of d a t a  on t h i s  .Taint i s  a 
hRndican i n  t e s t i n g  t!w theory .  

Pan,,r T I .  So fa r  as ally n r a c ' i c n l  u5e i s  concerned, I an s u r e  your l i n e s r  equat ion 
i-s i r r e p l a c e a b l e .  - ' y  e q u z t i  -I i.. .&~t l i n e z r ,  and I f e l t  t h a t  it v a s  .:ore in s t rucCive  
t o  Dlot it d s  3 devir , t in  I f'rm ' I L + /  st rai;.-~t l i n e s  o? my fi,. 2. 



of t ~ s t e .  
a v a i l a b l e  a r e  no t  very enccmragin,. " h i s  of cou.rse hangs on opt imal  r c t i o s . ( t a b l e  b)?  

I h ve made q u i t e  a po in t  o n  t h e  c x s t  iicy 0" g,  bulJ I nust admit t h e  d a t z  

p . 499. I a m  s o r r y  a b v i t  t h e  Tiscpiote. I r e c a l l  at, t h e  t i n e  I c m l d n ' t  s L e m  t o  fxl 
fi i id exac t  iy what I thought  I 11-d rea6 i n  your pspers.  
you. 

I s!io.i;d h?.ve ;;(It i n  touch with 

p. 502. The n c t u r e  of ' ; l e  "valence" i s  very mucii up iii t h e  a i r ,  as you will 
d o u b t l e s s  agrue. I h-ve recc;kl:- zo t  i L 1  t r o u 5 l e  w i t l a  O M  0- t h e  refer66.s (3oyd?j eve:. 
"!.is. I d9:i't e ee  hob! tlie ? i c t v r e  c a i ~  be s imol i f i ed  ver;r .rurli  i n  t h e  l i g h t  of r e s u l t s  
l i k e  +llose 0-0 La-idst iner i'l ci VcnflerSchcer, .T.- .* r .  19"C, 71, L145. 

7 .  518. 
u-liiforrqit,y. 
unusua l ly  sxal.1 k, and t k e r e P c r e  i) o s s c s s i r g  c ros  - r e a c t i v i t y ,  zi_,ht, no t  be d o t e c + a b l e  
i n  t h e  homologous reac' ion,  b u t  would 0-7 c w r s c  in t h e  heterOlOg011S. 

i t  o y h +  t o  occur on so rp  t i o n  YTith e ; l thcr  i i o ~ o l .  c r  h o t e r o l .  G ,  kilt pernaps z o r e  sha rp ly  
i n  ' h e  l - t t c y -  ccse.  

I z s r t e  t l ia t  recovery of' undiffere-1t ta ted A by d j  s c o c i a t i o n  e v i d e m e s  
However, t h e  removal mf by absorp t io i i  o f  a m a l 1  L'rcct,ion qf d i : i th 

e i n  f'locculation r a t e  i s  di1,e t o  re-ioval o r  a f r a c t i o r i  i r i t h  SPC 1 k, 

v/  

SiIicerc. ly 


